S pintronic devices promise enhanced performance over conventional electronics by simultaneously exploiting the flow of electric charge and of the magnetic moment (spin) in a material. Realizing this level of mastery requires the identification of materials in which each electron's spin and momentum are strongly coupled. Such materials are generally composed of heavy elements, for example gold or bismuth. But on page 492, Sunko et al. 1 report surprisingly strong spin-momentum coupling in electrical pathways comprised of oxides of transition metals, such as cobalt, that lack heavy constituents. The authors explain the observed coupling as being due to symmetry properties of electronic states at the mater ial's surface. In addition to its fundamental interest, this discovery could lead to strategies for designing material interfaces that will lie at the heart of tomorrow's spintronic devices.
When a wire is hooked up to the terminals of a battery, electrons flow through the wire. This represents a charge current, because all electrons are charged, but not a spin current, despite the fact that all electrons have spin. The net spin of the electrons is zero on a macroscopic scale because the spin of each electron is randomly oriented. However, a net spin alignment is possible, thanks to Einstein's special theory of relativity, which tells us that an electric field is transformed into a magnetic field in the reference frame of electrons travelling at sufficiently high velocities (close to the speed of light). The spins will align with this magnetic field, in a direction that depends on both the motion of the electrons and the orientation of the electric field through which they propagate.
If the electric field is generated by protons The crystal structure of the platinum cobalt oxide PtCoO 2 comprises layers of platinum, cobalt and oxygen atoms. At the surface, the structure is terminated by a sandwich of oxygen-cobalt-oxygen layers. Conduction electrons (e − ) derive from the cobalt atoms, but cannot jump directly between these atoms because the interatomic distance is too large. Instead, they take one of two zigzagging routes (dotted arrows) between cobalt and oxygen layers. Although these two pathways look similar, they have different environments: the lower oxygen layer is directly above a platinum layer, and the upper oxygen layer has nothing but vacuum above it. Consequently, there is a pronounced difference in the electron occupation of the two conduction pathways, breaking what is known as inversion symmetry. Sunko et al. 1 suggest that this asymmetry generates strong coupling between the magnetic moment (spin) and the momentum of each electron that flows along the two pathways -a requirement for spin-based devices that offer improved performance over conventional electronics. Solid lines connect neighbouring atoms in the same layer. More generally, inversion symmetry is always broken at a material's surface, producing a spin-momentum coupling known as the Rashba effect 3 . Because both of these effects require SOC, they should be pronounced in materials composed of heavy elements. Accordingly, the first direct experimental discovery of the Rashba effect was in electronic states near the surface of gold 4 . However, the necessity for heavy elements should not be overstated, because the magnitude of ISB is equally important 5, 6 . This is the idea seized on by Sunko et al. to explain their discovery of a surprisingly large Rashba effect in the platinum cobalt oxide PtCoO 2 . In this material, the heavy element platinum has a passive role, because conduction takes place through a cobalt-related pathway. This fact is backed up by the authors' observation that the spin-momentum coupling increases dramatically when cobalt is replaced with the heavier transition metal rhodium.
How is Sunko and colleagues' discovery possible if cobalt is such a lightweight? The key turns out to be an unusual form of ISB. The structure of PtCoO 2 terminates with a sandwich of oxygen-cobalt-oxygen layers at the surface (Fig. 1) . Although the conduction electrons derive from cobalt atoms, they cannot jump directly between these atoms because the interatomic distance is too large. Instead, they flow along one of two zigzagging routes between cobalt and oxygen layers. For the electrons, these routes are not equivalent because they are at different distances from the surface. Imagine a two-lane road adjacent to a cliff -even if the lanes are identical, traffic might go more slowly in the lane closer to the edge because drivers are distracted by the view. The substantial asymmetry of the electrons' conduction pathways is a dramatic manifestation of ISB.
According to the authors, in ordinary materials, spin-momentum coupling is typically limited by the smaller energy scale of ISB with respect to that of SOC. Increasing the atomic weight of the material, and consequently the magnitude of SOC, therefore provides diminishing returns. By contrast, the unusually large magnitude of ISB in PtCoO 2 unlocks the full atomic SOC of cobaltwhich is not so weak, after all, contrary to conventional wisdom.
Sunko and colleagues' study draws a striking contrast between two distinct regimes of the Rashba effect that are characterized by the relative magnitudes of SOC and ISB. Moreover, it is unusual to observe SOC effects in d-electron systems such as PtCoO 2 . In these systems, the localized nature of the electrons makes them susceptible to electron correlation effects -leading to phenomena such as high-temperature superconductivity in other transition-metal oxides [7] [8] [9] . The coexistence of the Rashba effect and correlation effects in PtCoO 2 makes the material a fascinating playground for exploring new, potentially exotic physics.
On a more practical level, it remains to be seen what role PtCoO 2 might have for spintronics applications. One challenge is that the Rashba effect occurs only for electrons near a material's surface. These states survive only under stringent vacuum conditions, making them unsuitable for real-world devices. Moreover, electrons in the bulk of the material are highly conductive and would overwhelm the comparatively small contribution to conduction provided by surface electrons. Nevertheless, the unusual form of ISB in PtCoO 2 suggests design principles for optimizing the Rashba effect. One promising route would be to use modern fabrication techniques to engineer highly asymmetric interfaces on the nanoscale, which could enable unprecedented control over spin currents. ■ 
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Bad blood promotes tumour progression
Mutations that drive the abnormal expansion of progenitor subpopulations of blood cells are known to cause leukaemia. A genetic analysis reveals that these clonal blood stem-cell mutations are also common in people who have solid tumours.
C AT R I O N A J A M I E S O N
T he acquisition of mutations in bloodforming (haematopoietic) stem cells can lead to a process called clonal haematopoiesis, in which subpopulations of mutant blood cells arise. This phenomenon can be a treacherous contributor to the progression of leukaemia and death. Writing in Cell Stem Cell, Coombs et al. 1 provide evidence that clonal haematopoiesis is also common in people who have solid tumours. In these people, the phenomenon is associated with increased age, tobacco use and radiation therapy, is correlated with an increased risk of leukaemia, and is linked to reduced overall survival.
The idea of clonal haematopoiesis dates back to 1960, when a chromosomal abnormality in blood cells was first associated with cancer 2 -specifically, with chronic myeloid leukaemia (CML). Subsequently, evidence emerged 3 that the bone-marrow disorder polycythaemia vera (which, like CML, involves enhanced proli feration of blood cells) derives from defective haematopoietic stem cells (HSCs). Studies in mice [4] [5] [6] pinned down the functional impact of specific mutations involved in these diseases, and analysis 7, 8 of patient-derived bone marrow confirmed that the mutations identified in mice also arise in human HSCs. Cumulatively, these studies proved that both pre-leukaemic disorders (such as myeloproliferative neoplasms and myelodysplastic syndrome) and leukaemia itself can arise from clonal haematopoiesis.
More recently, an analysis 9 of the proteincoding DNA of 17,182 people demonstrated that clonal haematopoiesis occurs with ageing. The study revealed that variants in three genes (DNMT3A, TET2 and ASXL1) occurred in the blood cells of more than 9.5% of individuals older than 70. These variants conferred a higher risk of leukaemia, coronary heart disease, stroke and death. But this work, although seminal, did not address a possible relationship between clonal haematopoiesis and solid tumours.
To investigate the possibility of such a link, Coombs et al. sequenced matched blood and tumour samples from 8,810 individuals with solid tumours. In particular, they analysed the protein-coding sequences of either 341 or 410 cancer-associated genes, with more genes being analysed in patients enrolled later in the study. This revealed clonal haematopoiesis in 25.1% of people with solid tumours. About 4.5% of them had mutations previously shown to promote leukaemia, including those in the genes TP53 and PPM1D. These mutations were associated with exposure to chemotherapy, an increased rate of leukaemia and lower survival rates.
The authors followed the progress of 5,394 of the patients for between 12 and 21 months. Notably, 19 individuals developed some form of blood cancer after the matched blood and tumour samples were taken. The likelihood of this occurring was statistically higher for patients who had clonal haematopoiesis, thereby underscoring the impact of this phenomenon on both cancer initiation and progression.
Strikingly, the cause of death in 98% of the patients who died during the study was solidtumour progression. Together, then, Coombs and colleagues' findings demonstrate that the risk of a cancer progressing is higher if an individual carries a mutation that causes
